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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

EFFECT OF FUELS ON COMBUSTION EFFICIENCY OF 5-INCH 
RAM-JET -TYRE COMBUSTOR 
By Thaine W. Reynolds 


SUMMARY 

Combustion-efficiency data were obtained for a 5-inch ram- jet- type 
combustor employing a simple V-gutter flame holder. The data, which 
are for homogeneous fuel-air mixtures of 14 pure fuels and 2 fuel blends 
cover a range of inlet static pressures and velocities. The data are 
shown to correlate with the following parameter for all of the fuels 
tested except carbon disulfide: 


pO. 3 rji 

yO. 8 
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where P is the inlet pressure in atmospheres, T is the inlet tempera- 
ture in °R, V is the inlet velocity in feet per second, Uf is the maxi 
mum fundamental flame velocity in feet per second, and U re f is the 
maximum fundamental flame velocity of the reference fuel in feet per 
second. This relation was arrived at experimentally and also analyti- 
cally from an assumption that the combustion proceeded by an increase 
of the flame-front area through turbulence in the combustor and that 
the flame propagated at the fundamental flame speed of the fuel-air 
mixture . 


INTRODUCTION 

An understanding of the basic processes controlling combustion in 
a ram-jet engine is one of the ultimate goals of research. The phase 
of this broad objective with which this report is concerned is a study 
of the flame propagation mechanism in a simple ram- jet-type combustor. 

Equations predicting the variation of combustion efficiency with 
inlet parameters have been derived for both ram- jet and turbojet com- 
bustors from models based on the assumption that some second-order 
reaction is controlling the combustion rate according to the classical 


2 


KACA KM E53C20 


rate equation (refs. 1 to 3) . A recent investigation of- a single turbo- 
jet can combustor has indicated that the combustion efficiency variation 
with fuels can he correlated with the maximum fundamental burning veloc- 
ity (ref . 4 ) . 

In reference 5, the results of an investigation of the effects of- 
inlet pressure,- temperature, and velocity on the combustion efficiency 
of gasoline-air mixtures in a ram-jet combustor are reported. An 
empirical parameter was established which correlated the effect of the 
inlet variables on the combustion efficiency. A model of the combustion 
process was proposed in which it was assumed that the turbulent- mixing 
of the incoming fuel-air mixture with the burning gases downstream of 
the flame holder was controlling the combustion rate. In this model it 
was assumed that the mixing rate was a function of the inlet Reynolds 
number and that the flame propagated through the uribumed mixture at the— 
fundamental flame speed. A parameter was arrived at which is identical 
to the empirically derived parameter involving the inlet variables, but 
which also has a term predicting the variation of combustion efficiency 
with the flame speed of the fuel. This parameter is included in the 
following equation: 


■n 


7.0 


p0.3 m / Uf N 1 - 1 


CD 


which was shown to apply for efficiencies in the range 20 to 80 percent, 
where flame spreading was independent of wall effects. 


The objective of the present study was to continue the investiga- 
tion into the combustion mechanism by determining the variation of 
combustion efficiency with several, pure fuels and fuel blends in a 
simple ram- jet-type combustor. Such a determination would further 
establish the validity of the flame-speed term In equation (l) , pro- 
viding a useful empirical equation, and perhaps yield more data in 
support' of the proposed or some other combustion mechanism. Accordingly, 
the results of combustion-efficiency measurements on a 5-Inch ram- jet= 
type combustor with 14 pure fuels and 2 blends of propylene oxide and 
isopentane are reported herein and compared on the basis of— equation (l). 


SYMBOLS 

The following symbols are used in this report: 

c-p mean heat capacity of fuel vapor from T to T e , 

'' Btu/(°F)(lb fuel). (A value of 0.5 was used for all fuels.) 

f/a weight 'fuel-air ratio 

(f/a) B stoichiometric weight fuel-air ratio 
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H c lower heating value of fuel, Btu/lb 

AH~ C enthalpy difference between exhaust gases and inlet mixture, 
Btu/lb original air 

AEj enthalpy rise of cooling jacket water, Btu/lb original air 

AH S enthalpy difference between exhaust gases and inlet mixture for 

stoichiometric f/a, Btu/lb original air 

AH W enthalpy rise of quench water, Btu/lb original air 

K constant 

L v latent heat of vaporization, Btu/lb 

(L v )rji latent heat of vaporization at T, Btu/lb 
P inlet static pressure, atm 

Re Reynolds number 

T inlet -mixture temperature, °R 

T e exhaust-gas temperature, °R 

U-p fundamental flame speed, ft/ sec 

U re f fundamental flame speed for reference fuel, ft/sec. (Taken as 
1.4 ft/sec for gasoline.) 

V inlet velocity, ft/sec 

q combustion efficiency, percent 

Superscripts: 

a,b constants 

APPARATUS AND PROCEDURE 

The combustor and the piping used in this investigation were the 
same as those used in reference 5. A schematic diagram of the setup is 
shown in figure 1. The air-control unit', which differed from that used 
in reference 5, is shown in figure 1. Two sliding plates operated by an 
actuator were used to expose the desired number of holes to the air in 
the tank. The pressure drop at all times was more than enough to give 
sonic flow through the holes; therefore, the rate of air flow was not 
affected by burner -pres sure changes. 
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Fuel was introduced through, an air atomizing spray "bar 10 feet 
upstream of the flame holder. The latent heat of vaporization of some 
of the fuels investigated was relatively high; thus, considerable varia- 
tion in the combustor- inlet . mixture temperature resulted as the fuel-air 
ratio was varied. Homogeneity of the inlet mixture was checked by 
fuel-air-ratio traverses at the combustor inlet. 

The flame holder was a 1 -- inch-wide straight V-gutter of approxi- 
mately 45° included angle and blocked about 38 percent of the combustor 
cross-sectional area. Ignition was accomplished by a hydrogen-oxygen 
pilot— flame in the wake of the V-gutter; the pilot was turned off after 
the burner was ignited. A variable-area exhaust nozzle was used to 
control the combustor- inlet, pressure. 

Quench water was introduced through two air-atomizing water spray 
bars at the exhaust-nozzle outlet to reduce the gas temperature to 
about 600° F. The combustion efficiencies were calculated by an 
enthalpy balance. 


T] = 


100 


AHy. + AHg-4- AHj 

H c (f/a) 


In this report the rich-mixture combustion efficiencies were cal- 
culated differently from those reported in reference 1. The enthalpy 
of the combustion products for rich mixtures was .calculated as follows 
for the data of this report: 

AH e = AH S + ^ (f/ a) - (f/a)ej j^(L v ) T + c p (T e - T)J 

The differ ence be twe en this method and that of reference 1 is that, 
previously, the last-bracketed term on the right included the heat of 
combustion of the fuel. 

In order to get a wide variation in the value of the inlet-flow 
parameter p0.3rjyY0.8 f 0 r each fuel, with the limited quantity of the 
fuels that was available, the data were taken at an inlet static pres- 
sure of 20 inches of mercury absolute, inlet-mixture temperatures of 
about 200° F, and at two inlet velocities, about 180 and 280 feet per 
second. Some of the higher -flame -speed fuels, such as propylene oxide 
and carbon disulfide, which would operate at lower pressures, were also 
run at 10 inches of mercury absolute. 
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Combustion efficiencies at an equivalence ratio of 1.0, from plots 
of combustion efficiency against equivalence ratio, were selected at 
each, operating condition for correlation with the inlet-flow parameter 
and values of the maximum fundamental flame speed reported in the 
literature. 


RESULTS AND DISCUSSION 

A list of the fuels investigated and a summary of some of their 
physical properties are shown in table I. 

The results of the combustion-efficiency measurements for the pure 
fuels and the fuel blends are shown in table II, and plots of combustion 
efficiency against fuel-air ratio are shown in figures 2 to 17. The 
peak combustion efficiencies for all the fuels occurred near stoichio- 
metric fuel-air ratio. Some of the curves do not extend from lean to 
rich blow-out because of insufficient fuel. It will be noted that some 
of the fuels, namely, n-pentane (fig. 2), pentene-2 (fig. 6), and cyclo- 
hexane (fig. 5), have a break in the curves at the higher velocity con- 
dition near the stoichiometric point. Some unexplainable change in the 
burning occurred on going to slightly rich mixtures and a higher level 
of combustion efficiency resulted. For the points of comparison, the 
lean sides of the curves have been used. 

It was desired to compare these results with the results from 
reference 5, wherein it was found that 


■n 


7.0 


pO. 3 ij 
yO. 8 



( 1 ) 


where P is expressed In atmospheres, T in °R, V in feet per second, 
and Uf is in feet per second. This equation was arrived at in the 
following manner: It was assumed that the rate of mixing of the incoming 
fresh mixture with the burned gas downstream of the flame holder was 
controlling the combustion process. The combustion was assumed to be 
progressing through an increase of flame area, because of this mixing, 
with the flame propagating into the unbumed mixture at the fundamental 
flame speed. It was further assumed that this rate of mixing was a 
function of the inlet Reynolds number. Whether the mixing is caused by 
the scale and intensity of the turbulence associated with Reynolds num- 
ber or by the actual velocity, density, and viscosity of the air stream 
all related to one another in the form recognized as Reynolds number is 
not differentiated here. However, it is quite reasonable that velocity, 
density, and viscosity would affect turbulent mixing at the flame front 
and would influence the extension of flame area. With these assumptions. 
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it- is shown in reference- 5 that the following expression for combustion 
efficiency results: 


rj = K Re a 



( 2 ) 


The range of . combustion efficiencies over which this expression would be 
expected to hold is limited to from about 20 to 80 percent aB discussed 
in reference- 5 . Equation (2) was put in terms of inlet-flcw parameters 
by assuming that the flame speed was proportional to the inlet tempera- 
ture to the 1.4 power and independent of pressure, giving 


T) = K 




Values of - a = 0.3 and b = 1.1 reduced this expression to 


(3) 




= K 


p 0.3 ^L.03 

V 0 - 8 


U) 


which was the expression found empirically to correlate the effect of - 
inlet- flow variables. The temperature dependence of flame speed for the 
other fuels may be different - from that used in equation (4) and may yield 
a different relation of combustion efficiency to inlet temperature for 
different fuels . However, in the experimental data reported, only pres- 
sure and velocity were varied significantly so that no differences, if 
they exist, would be apparent from these data. 

A summary of the data from figures 2 to 17, at an equivalence ratio 
of 1.0, is given in table III. A log-log plot of combustion efficiency 
at an equivalence ratio of 1.0 against maximum fundamental flame speed 

p0 .3 r£t 

for a value of the inlet-flow parameter — Q - equal to- about 6.5 is 

yU.b 

shown in figure 18 for the pure fuels. Also shown on this’ figure is a 
line of slope 1.1 which was indicated as required by the previous analysis. 
It is seen that the combustion efficiencies for the fuels follow the pre- 
dicted trend with flame speed. 

The results of the combustion-efficiency measurements on the blends 
of propylene oxide "and isopentane are shown in figure 19 wherein com- 
bustion efficiency divided by the inlet-flow parameter is plotted against 
blend percentage. For comparison, flame speed of these blends is also 
shown. The flame speeds of the blends were not experimentally determined. 
However, it~has been reported that for some blends the flame speed of the 
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blend follows a reciprocal blending relation (ref. 6): 


Mole percent of Mole percent of 

100 _ component A component B 

Flame speed of blend - FI a .me speed of A Flame speed of B ' ' 

The flame speeds of the blends reported in table I were calculated by use 

of this relation. The similarity in the shape of the curves presented 
in figure 19 indicates that the combustion efficiency of the blends is 
related to the flame speed as might be expected. 

Data of table III are plotted in figure 20 along with the gasoline 
line from figure 7 of reference 5. Here it can be seen that all the 
fuels follow the correlating parameter reasonably well with the exception 
of carbon disulfide . Carbon disulfide gave combustion efficiencies which 
were higher than would be anticipated from the flame-speed relation alone. 
This fuel has a very low ignition energy and this may contribute in some 
manner to its improved combustion efficiency. 


SUMMARY OF RESULTS 


The results obtained in investigating the combustion efficiency of 
a 5- inch-diameter ram- j et- type combustor employing a straight V-gutter 
flame holder and homogeneous fuel-air mixtures of 14 pure fuels and two 
blends of pure fuels are summarized as follows: 


1. The data obtained with all the pure fuels, except carbon 
disulfide, were correlated by the equation 


n 


7.0 




where P is combustor- inlet static pressure in atmospheres, T is 
combustor inlet mixture temperature in °R, V is combustor inlet velocity 
in feet per second, T] is combustion efficiency in percent. Up is the 

maximum fun dam ental flame velocity for the pure fuel in air in feet per 
second, and U re:f > is the flame velocity of the reference fuel (taken as 

1.4 ft/sec for the above relation). 

2. Carbon disulfide gave combustion efficiencies higher than would 
be anticipated on the basis' of its flame speed alone, indicating that 
some other property, possibly ignition energy, should also be considered 
in the combustion mechanism. 
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3. The combustion efficiencies of the blends of propylene oxide and 
isopentane were also correlated with the flame speed relation when the 
flame speeds were calculated according to the reciprocal blending rela- 
tion of Payman and Wheeler 


100 


Mole percent of 
component A 


Flame speed of blend ” Flame speed of A 


Mole percent of 
component B 
Flame speed of B 
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Fuel 

Bolling 

point, 

op 

Stoichi- 

ometric 

fuel-air 

ratio, 

f/a 

n-Pentane 

96.9 

0.0655 

n-Keptane 

209.2 

.0662 

Isooctane 

210.6 

.0662 

Cyclohexane 

177.3 

.0680 

Pentene-2 

97-98 

.0680 

Benzene 

176.2 

.0754 

Prop ionaldehyde 

120.0 

.1050 

Diethylether 

94.1 

.0899 

Propylene oxide 

120.0 

.1050 

Acetone 

133.0 

.1050 

Methylcyclohexane 

213.6 

.0680 

Carbon disulfide 

94.1 

.1825 

Neohexane 

121.5 

.0659 

Isopentane 

82.2 

.0655 

Gasoline (62-octane) 


.0667 

2/3 Propylene oxide - 


.0873 


l/3 isopentane , "by weight 


l/3 Propylene oxide - 

2/3 isopentane, by weight 

a Data from. ref. 7 except where noted. 
^Est ima ted value. 

^Calculated from eq. ( 5 ), 


.0749 


Lover 
heat of 
combus- 
tion, 
H c> 

Btu/lb 

1 

Latent heat 
of vapari- 
, zation at 
| boiling 
'■ point, 

Btu/lb 

Maximum 
fundamen- 
tal flame 
speed. 

Op, 

ft /sec 
(a) 

\hr 

1 

Minimum 

esti- 

mated 

Purity, 

mole 

percent 

19,500 

153.6 

1.46 

1.05 

99.0 

19,160 

136.0 

1.39 

.99 

99.5 

19,065 

116.7 

1.32 

.94 

99.6 

18,680 

153.7 

1.43 

1.02 

92.0 

19,300 

a 155.0 

1.63 

1.18 

95.0 

17,260 

169.3 

1.57 

1.13 

99.0 

12,420 

215.0 

1.64 

1.19 

S5.0 

14,560 

151.0 

1.67 

1.21 

99.0 

13,120 

234.0 

2.22 

1 

1.66 

95.0 

12,280 

220.0 

1.44 

1.03 

99.0 

18,650 

138.9 

b 1.40 

1.00 

99.0 

6,270 

155.0 

1.95 

1.44 

99.0 

19,160 

131.2 

1.26 

.89 

95.0 

19,450 

145.7 

1.39 

.99 

85-90 

18,850 

b 150.0 

b 1.40 

1.00 

— 

15,230 

205.0 

c 1.89 

1.39 


17 , 350 

177.0 

c 1.62 

1.17 
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TABM II. - COMBUSTION EFFICIENCY DAIA FOR 14 HJEE FUEUJ AND 2 FOEL ELENES IN ° 

5-UtCH RAM-JET-TEPE CCMBUSTOR 

(a) Benzene 


Inlet 

static 

pressure, 

atm 

Inlet- 

mixture 

tempera- 

ture, 

°R 

Inlet - 
mixture 
velocity, 

ft /sec 

Air 

flow, 

Ib/sec 

Inlet 
density, 
lb/cu ft 

Inlet 

tempera- 

ture 

"before 

fuel, 

°R 



Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

1. 

percent 

0.69 


183 

1.05 

0.0411 

mam 

0.0619 

.821 

66.6 

.69 


182 

1.05 

.0413 


.0677 

.898 

70.6 

.69 

660 

181 

1.05 

.0415 

jgg JK.i- 

.0746 

.990 

68.7 

.69 

653 

179 

1.05 

.0420 

723 

.0810 

1.073 

67.8 

.69 

649 

178 

1.05 

.0422 

723 

.0876 

1.160 

63.7 

.69 

644 

177 

1.05 

.0425 

723 

.0937 

1.243 

59.1 

.69 

639 

176 

1.06 

.0431 

723 

.0996 

1.320 

53.5 

RO 



i n£ 


7?^ 

TORI 

i Ain 


.69 

668 

185 

1.06 

.0412 

723 

.0612 

.812 

67.4 

.69 

— - 

— 

1.06 


723 

.0562 

.745 

00 

.69 

680 

284 

1.60 

.0403 

729 

.0576 

.763 

47.7 

.69 

675 

282 

1.60 

.0406 

729 

.0616 

.816 

48.0 

.69 

670 

281 

1.60 

.0407 

730 

.0661 

.876 

49.6 

.69 

667 

276 

1.58 

.0410 

730 

.0712 

.934 

51.6 

.69 

663 

277 

1.60 

.0413 

731 

.0750 

.994 

52.6 

.69 

660 

277 

1.60 i 

.0413 

731 

.0794 

1.052 

51.5 

.69 

656 

272 

1.59 

.0418 

731 

.0846 

1.122 

49.6 

.69 

654 

272 

1.59 

.0419 

731 

.0889 

1.179 

47.1 

.69 

— - 


1.59 


731 

.0554 

.735 

00 

.69 

— 


1.59 


731 

.0936 

1.241 

(a) 


a Rich Blow-out. 
^Lean "blow-out. 
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TABLE H. - COMBUSTION EFFICIENCY BATA FOR 14 HJEE FUELS AND 2 FUEL BLENDS IN 
5-INCH RAM-JET-TYPE CCMBUSTOR - Continued 


(b) Propylene aside 


Inlet 

static 

pressure, 

P , 

atm 

Inlet- 

mixture 

tempera- 

ture, 

°R 

Inlet- 

mixture 

velocity, 

ft /sec 

Air 

flow, 

lb/sec 

Inlet 
density, 
lb/cu ft 

Inlet 

tempera- 

ture 

before 

fuel, 

°R 

Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

T), 

percent 

0.68 

605 

168 

■Vf*i 

0.0448 

689 

0.0903 

0.857 

80.9 

.68 

579 

160 


.0469 

690 

.1203 

1.148 

62.9 

.68 

556 

158 


.0486 

690 

.1471 

1.400 

60.4 

68 






1681 

1 600 


.68 

603 

168 

■m! 

.0450 

696 

.1048 

1.000 

81.5 

.68 

573 

159 

1.05 

.0473 

697 

.1348 

1.280 

64.1 

.68 

550 

153 

1.05 

.0491 

697 


1.450 

55.8 

.68 

643 

267 

1.58 

.0422 

712 

.0682 

.650 

52.1 

.68 

636 

264 

1.58 

.0427 

715 

.0762 

.725 

62.2 

.68 

631 

263 

1.58 

.0430 

717 


.799 

67.6 

.69 

626 

263 

1.60 

.0436 

718 

.0905 

.861 

71.4 

.73 

620 

248 

1.62 

.0470 

720 

.0968 

.922 

76.3 

.77 

616 

230 

1.60 

.0497 

720 

.1063 

1.012 

72.7 

.78 

607 

223 

1.59 

.0510 

720 

.1147 

1.090 

62.7 

.78 

602 

220 

1.59 

.0517 

721 

.1204 

1.148 

56.4 

.79 

583 

215 

1.61 

.0536 

722 

.1389 

1.320 

50.8 




l.fil 




PAQ 

fbl 

,33 

615 

263 

.79 

.0215 

699 

.0914 

.870 

54.0 

.33 

614 

268 

.81 

.0216 

698 

.0832 

.793 

54.0 

.33 

618 

267 

.80 

.0214 

697 

.0774 

.737 

49.8 




pn 



n7iK 

fiAO 

(b) 

.33 

605 

262 

.79 

.0219 

697 

.0965 

.919 

54.0 

.33 

596 

255 

.79 

.0222 

695 

.1044 

1.000 

51.3 

.33 

591 

252 

.79 

.0224 

694 

.1108 

1.052 

52.7 

.33 

583 

249 

.79 

.0227 

693 

.1174 

1.120 

47.2 

.33 

579 

247 

.79 

.0229 

693 

.1241 

1.182 

43.5 

.33 

574 

245 

.79 

.0230 

692 

.1308 

1.245 

41.8 

.33 

— 

— 

.79 


— 

.1523 

1.450 

(a) 


a Rich blow-out. 
^Leen blow-out. 
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TABLE IX. - COMBUSTION EFFICIENCY - DATA FOR 14 PURE FUEL3 AND 2 FUEL BLENDS IN 
5-INCH RAM- JET -TYPE COMHJSTQR - Continued 

(c) n-Pentane 


Inlet 

static 

pressure, 

P, 

atm 

Inlet - 
mixture 
tempera- 
ture, 

T, 

°R 

Inlet- 

mixture 

Telocity, 

v 

ft /sec 

Air 
flow, 
lb/ sec 

Inlet 
density, 
lb/cu ft 

Inlet 

tenqiera- 

ture 

before 

fuel, 

°R 

Fuel- 

air 

ratio. 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

n, 

percent 

0.67 

648 

194 

1.11- 

0.0408 

703 

0.0744 

1.137 


.67 

643 

193 

1.11 

.0412 

703 

.0781 

1.193 


.67 




1.11 


703 

.0821 

1.254 

Hi 

.67 

650 

195 

1.11 

.0408 

703 

.0698 

1.067 

64.2 

.67 

652 

196 

1.11 

.0406 

703 

.0657 

1.002 

66.9 

.67 

655 

198 

1.11 

.0404 

705 

.0613 

.936 

69.1 

.67 

658 

198 

1.11 

.0402 

706 

.0572 

.873 

68.9 

.67 

661 

199 

1.11 

.0400 

707 

.0531 

.810 

64.2 

.67 

665 

201 

1.11 

.0398 

707 

.0491 

.750 

61.4 

.67 

— 


1.11 


_ 

.0448 

.684 

(1) 

.67 

654 

196 

1.11 

.0405 

710 

.0741 

1.131 

58.2 

.67 

658 

198 

1.11 

.0402 

709 

.0636 

.971 

67.1 

.67 

661 

199 

1.11 

.0400 

709 

.0593 

.906 

66.8 

.67 

665 

200 

1.11 

.0398 

710 

.0551 

.841- 

67.3 

.67 

— 

— 

1.11 


— 

.0456 

.696 

00 

.67 

672 

282 

1.55 

.0394 

711 

.0530 

.809 

45.8 

.67 

666 

284 

1.58 

.0397 

708 

.0564 

.861 

46.6 

.67 

662 

281 

1.57 

.0400 

707 

.0610 

.931 

48.4 

.67 

658 

279 

1.57 

.0403 

706 

.0654 

1.000 

49.8 

.67 

652 

278 

1.58 

.0406 

706 

.0694 

1.060 

54.0 

.67 

650 

277 

1.58 

.0408 

705 

.0737 

1.126 

48.8 

.67 

646 

275 

1.58 

.0410 

705 

.0780 

1.191 

42.5 

A7 



1 AA 

’ ■“ 


0780 

1 191 


.67 



1.58 




.0483 

.737 

00 

.67 

668 

286 

1.58 

.0396 

702 

.0489 

.746 

44.3 

.67 

656 

281 

1.58 

.0404 

701 

.0625 

.954 

49.9 

.67 

652 

279 

1.58 

.0406 

702 

.0668 

1.020 

54.4 

.67 

— 

--- 

1.58 


— 

.0782 

1.194 

(a) 


a Rich 'blow-out. 
^ean blow-out. 
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TABLE H. - COMBUSTION EFFICIENCY DATA FOR 0.4 HIRE FUELS AND 2 FUEL BLENDS HI 
5 -INCH RAM-JBT-TYPE COMBUSTOR - Continued 

(d) Pentene-2 


Inlet 

static 

pressure,, 

P, 

atm 

Inlet - 
mixture 
tempera- 
ture, 

T, 

OR 

Inlet - 
mixture 
veloc ity, 

T, 

f t/Bec 

Air 
flow, 
lb/ sec 

Inlet 
density, 
Ib/cu ft 

Inlet 

tempera- 

ture 

before 

fuel, 

°S 

Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

percent 

0.67 

660 

192 

1.08 

0.0401 

710 

0.0654 

0.961 

65.7 

.67 

656 

191 

1.08 

.0404 

712 

.0698 

1.028 

64.6 

.67 

652 

190 

1.08 

.0406 

712 

.0742 

1.090 

62.6 

.67 

650 

189 

1.08 

.0408 

713 

.0783 

1.150 

58.6 

.67 

646 

189 

1.08 

.0410 

714 

.0822 

1.210 

54.8 

.67 

644 

189 

1.08 

.0411 

714 

.0861 

1.267 

48.9 

.67 

--- 


1.08 


— 

.0903 

1.330 

(a) 

.67 

663 

195 

1.08 

.0399 

715 

.0607 

.893 

65.5 

.67 

666 

195 

1.08 

.0397 

716 

.0568 

.835 

64.0 

.67 

670 

196 

1.08 

.0395 

716 

.0525 

.772 

60.1 

.67 

674 

196 

1.08 

.0392 

717 

.0486 

.715 

56.4 

.67 

--- 

— 

1.08 



.0482 

.709 

00 

.67 

678 

289 

1.57 

.0390 

717 

.0535 

.787 

42.8 

.67 

672 

284 

1.56 

.0394 

716 

.0583 

.858 

45.0 

.67 

668 

284 

1.58.. 

.0396 

715 

.0623 

.916 

47.9 

.67 

664 

286 

1.60 

.0399 

715 

.0657 

.966 

49.6 

.67 

658 

282 

1.58 

.0402 

713 

.0707 

1.040 

53.6 

.67 

654 

282 

1.59 

.0404 

713 

.0745 

1.096 

50.3 

.67 

650 

281 

1.60 

.0407 

712 

.0785 

1.154 

45.5 

fi7 






08?4 

1 


PTT 






OHOO 

7^.8 

(b) 

.67 

660 

285 

1.60 

.0401 

710 

.0634 

.932 

48.7 

.67 

656 

284 

1.60 

.0403 

708 

.0675 

.993 

54.2 


^Rich blow-out . 
“Lean 'blow-out. 
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TABIE II. - COMBUSTION EFFICIENCY DATA. FOR 14 FORE KJELS AND 2 FUEL BIENDS IN 
5 -INCH RAM- JET -TYRE COMBUSTOR - Continued 

(e) Cyclohexane 


Inlet 

static 

pressure, 

atm 

Inlet - 
mixture 
tempera- 
ture, 

T, 

OR 

Inlet- 

mixture 

Telocity, 

ft/seo 

Air 
flow, 
lb/ sec 

Inlet 
density, 
lb/eu ft 

Inlet 

tempera- 

ture 

"before 

fuel, 

°R 

Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

percent 

0.67 

662 

192 

1.07 

0.0399 

713 

0.0634 

0.932 

61.2 

.67 

660 

190 

1.06 

.0401- 

713 

.0681 

1.000 

61.9 

.67 

656 

189 

1.06 

.0404 

714 

.0728 

1.070 

60.0 

.67 

652 

187 

1.06 

.0406 

714 

.0781 

1.149 

56.4 

.67 

650 

187 

1.06 

.0407 

715 

.0827 

1.217 

52.6 

.67 

646 

186 

1.06 

.0409 

715 

.0876 

1.290 

47.6 

67 



1 .Oft 



0905 

3 330 

(a.) 

.67 

666 

191 

1.06 

.0396 

715 

.0588 

.865 

58.7 

.67 

672 

194 

1.07 

.0394 

717 

.0535 

.786 

56.0 

.67 

— 


1.07 


— 

.0502 

.739 

00 

.67 

667 

192 

1.06 

.0397 

718 

.0657 

.966 

62.6 

.67 

662 

192 

1.07 

.0400 

718 

.0701 

1.032 

62.1 

.67 

660 

189 

1.06 

.0401 

719 

.0757 

1.113 

58.9 

.67 

674 

"283 

1.55 

.0392 

720 

.0600 

.882 

43.5 

.67 

670 

282 

1.55 

.0395 

720 

.0631 

.928 

45.7 

.67 

667 

283 

1.57 

.0597 

718 

.0660 

.970 

46.3 

.67 

664 

282 

1.57 

.0399 

718 

.0694 

1.020 

45.8 

.67 

660 

281 

1.57 

.0401 

716 

.0726 

1.069 

45.2 

.67 

658 

281 

1.58 

.0402 

716 

.0755 

1.110 

47.9 

.67 

655 

279 

1.58 

.0404 

714 

.0790 

1.161 

45.2 

.67 

651 

278 

1.58 

.0407 

714 

.0823 

1.210 

41.3 

R7 



1 58 





f R \ 

.67 

669 

286 

1.58 

.0396 

712 

.0556 

.817 

44.4 

.67 

— 



1.58 


— 

.0525 

.772 

00 




a Rich "blow-out 
^Lean "blcw-out 


2817 
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a Rich blow-out. 
^Lean blow-out. 
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TABLE II. - COMBUSTION EFFICIENCY HATA FOR 14 PUKE KJELS AND 2 FUEL BLENDS IN 
5-INCH RAM-JET -TYPE COMBUSTOR - Continued 

(g) n-Heptane 


Inlet - 
static 


Inlet- 

Inlet- 

mixture 

mixture 

tempera- 

velocity. 

ture. 

V, 

T, 

ft/sec 

°R 


669 

198 

670 

198 

671 

201 

674 

202 

677 

202 

681 

204 



669 

202 

665 

201 

662 

200 

658 

198 

655 

198 

674 

285 

676 

283 

678 

286 

682 

285 

685 

289 

687 

289 

690 

290 

694 

292 



680 

286 

677 

285 

674- - 

299 

674 

266 

672 

281 




Air 

flow, 

lB/sec 

Inlet 
1 density, 
Ib/eu ft 

1.10. 

0.0400 

1.10. 

.0399 

1.11 

.0394 

1.11 

.0392 

1.11 

.0391 

1.11 

.0389 

1.11 

1.11 

.0396 

1.11 

.0398 

1.11 

.0400 

1.11 

.0403 

1.11 

.0404 

1.11 


1.55 

.0393 

1.55 

.0392 

1.56 

.0390 

1.56 

.0390 

1.56 

.0386 

1.56 

.0385 

1.56 

.0383 

1.56 

.0382 

1.56 


1.56 

.0389 

1.56 

.0391 

1.56 

.0373 

1.56 

.0418 

1.56 

.0396 

1.56 



Inlet 

tempera- 

ture 

Before 

fuel, 

°R 






a Rich. Blow-out. 
^Lean Blow-out. 


Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

ComBus- 

tion 

effi- 

ciency, 

percent 

0.0699 

1.057 

63.1 

.0656 

.990 

66.8 

.0613 

.926 

66.0 

.0571 

.862 

63.8 

.0528 

.798 

60.6 

.0484 

.731 

55.6 

.0470 

.710 

(b) 

.0693 

1.048 

63.9 

.0735 

1.110 

61.7 

.0777 

1.173 

57.3 

.0820 

1.239 

52.8 

.0863 

1.305 

46.9 

.0902 

1.362 

(a) 

.0714 

1.079 

47.3 

.0684 

1.032 

50.1 

.0648 

.978 

52.8 

.0619 

.935 

53.6 

.0586 

.885 

51.0 

.0577 

.871 

48.9 

.0527 

.795 

47.6 

.0497 

.750 

45.8 

.0475 

.717 

(b) 

.0712 

1.075 

48.6 

.0743 

1.122 

46.7 

.0774 

1.170 

39.6 

.0774 

1.170 

50.3 

.0806 

1.218 

43.0 

.0831 

1.255 

(a) 





/T07 























TABLE II. - COMBUSTION EFTICIENCI BATA FOR 14 ! 

5-INCH RAM-JET-T5TE COMBUSTOR 


(h.) Diethylettuer 



fRiob blcw-out. 
“Lean blcw-out. 



Inlet 

terapera- 

ture 

"before 

fuel, 

°R 

Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

percent 

715 

0.0941 

1.046 

64.1 

715 

.0871 

.969 

65.1 

715 

.0811 

.902 

63.7 

714 

.0739 

.822 

58.5 

714 

.0668 

.743 

54.3 

— 

.0647 

.719 

(1) 

714 

.0941 

1.046 

64.8 

714 

.1010 

1.124 

62.2 

714 

.1081 

1.202 

57.6 

714 

.1152 

1.282 

51.5 

713 

.1224 

1.360 

44.7 

713 

.1249 

1.389 

(a) 

725 

.0797 

.886 

50.7 

725 

.0742 

.825 

47.3 

726 

.0694 

.772 

44.9 

«« — • — 

.0660 

.734 

tt>) 

727 

.0795 

.885 

51.2 

728 

,0847 

.942 

54.3 

728 

.0900 

1.000 

54.2 
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TABLE II. - COMBUSTION EFFICIENCY DATA FOR 14= PURE FUEU3 AND 2 FUEL BLENDS IN 
5-INCH RAM-JET-TYFE COMBUSTOR - Continued 

(1) Isooctane 



Inlet 
density, 
Xb/cu ft 

Inlet 

tempera- 

ture 

"before 

fuel, 

°R 

0.0395 

717 

.0394 

718 

.0393 

718 

.0396 

717 

.0397 

717 

.0399 

717 

.0401 

716 

.0403 

716 

.0396 

716 

.0397 

717 

.0399 

716 

.0390 

727 

.0390 

729 

.0389 

729 

.0388 

730 

.0387 

731 

.0387 

731 

.0386 

731 

.0385 

732 

.0386 

732 

.0387 

733 

.0388 

734 

.0388 

734 

.0389 

735 

.0390 

735 

.0390 

736 

.0391 

736 




0.0662 

.0617 

.0575 

.054=3 

.0659 

.0704= 

.0748 

.0793 

.0837 

.0840 

.0641 

.0681 

.0726 

.0689 

.0673 

.0658 

.0640 

.0624 

.0605 

.0591 

.0574 

.0559 

.0546 

.0694 

.0708 

.0727 

.0742 

.0760 

.0780 

.0797 

.0815 


1.000 

.932 

.869 

.820 

.995 

1.062 

1.130 

1.198 

1.263 

1.269 

.968 

1.030 

1.097 

1.04=0 

1.018 

.994 

.967 

.942 

.913 

.892 

.866 

.844 

.825 

1.048 

1.069 

1.099 

1.120 

1.149 

1.178 

1.202 

1.230 


a Rich "blow-oat. 
"bLean "blow-out. 


Z.TRZ 
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TABLE II. - COMBUSTION EFFICIENT DATA FCCR 14 PURE FUELS AND 2 FUEL BLENDS IN 
5-INCH RAM-JET-TXPE COMBUOTOR - Continued 

(j) Acetone 


Inlet 

static 

pressure, 

atm 

Inlet- 

mixture 

tempera- 

ture, 

% 

°R 

Inlet- 

mixture 

Telocity, 

ft/seo 

Air 

flow, 

Ib/sec 

Inlet 
density, 
Ib/ou ft 

Inlet 

tempera- 

ture 

Before 

fuel, 

Fuel- 
air 
ratio , 
f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

percent 

0.67 

613 

186 

1.12 

0.0430 

700 

0.0909 

0.866 

50.8 

.67 

608 

183 

1.11 

.0435 

702 

.0998 

.951 

54.8 

.67 

604 

181 

1.11 

.0438 

702 

.0957 

.911 

56.2 

.67 

607 

182 

1.11 

.0436 

703 

.0907 

.864 

55.3 

.67 

.67 

603 

181 

1.11 

1.11 

.0439 

704 

.0861 

.1049 

.820 

.999 

(b) 

57.5 

.67 

595 

178 

1.11 

.0445 

705 

.1096 

1.044 

52.6 

.67 

590 

177 

1.11 

.0448 

705 

.1141 

1.087 

47.9 

.67 

586 

175 

1.11 

.0451 

706 

.1192 

1.135 

42.4 

.67 

582 

174 

1.11 

.0455 

706 

.1242 

1.183 

42.2 

.67 

579 

173 

i.n 

.0457 

706 

.1292 

1.230 

43.2 

.67 

.67 

620 

271 

l.u 

1.61 

.0425 


.1300 

.1016 

1.240 

.968 

(a) 

40.5 

.67 

618 

269 

1.61 

.0428 

722 

.0982 

.935 

40.3 

.67 

621 

270 

1.61 

.0426 


.0950 

.905 

41.4 

.67 

624 

272 

1.61 

.0424 

723 

.0914 

.871 

41.5 

.67 

— - 

— 

1.61 


— - 

.0890 

.847 

(b) 

.67 

617 

269 

1.61 

.0429 

724 

.1051 

1.000 

41.1 

.67 

612 

267 

1.61 

.0432 

724 

.1085 

1.033 

37.5 

.67 

610 

265 

1.61 

.0434 

724 

.1120 

1.067 

40.0 

.67 

606 

264 

1.61 

.0437 

725 

.1156 

1.101 

34.8 


^loh Blow-out . 
^Lean Blow-out. 























PURE FUELS AHD 2 FUEL BIEHDS 3R 
' - Continued 


to 

o 


Inlet 

tempera- 

ture 

"before 

fuel, 

°R 

Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

n» 

percent 

715 

0.0705 

1.037 

58.9 

715 

,0659 

.969 

59.9 

714 

.0612 

.900 

59.0 

714 

.0568 

.835 

56.9 

- — 

.0548 

.805 

(b) 

714 

.0756 

1.112 

57.2 

715 

.0798 

1.174 

53.7 

715 

.0850 

1.250 

49.2 

— - 

.0869 

1.280 

(a) 

714 

.0633 

.931 

59.9 

715 

.0688 

1.012 

60.7 

715 

.0722 

1.062 

59.3 

715 

.0779 

1.146 

56.0 

715 

.0583 

.850 

58.4 

723 

.0668 

.982 

49.6 

724 

.0634 

.932 

44.2 

725 

.0607 

.893 

42.0 

725 

.0573 

.843 

42.2 

- — 

.0526 

.774 

(b) 

726 

.0705 

1.037 

50.4 


:a 


AI82 
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TABLE H. - COMBUSTION EFFICIENCY BATA FOR 14 PURE FUEIS AND 2 FUEL BLENDS IN 
5-INCH RAM-JET-TYPE COMBUSTOR - Continued 

(Z) 2/3 Propylene oxide plus l/3-isopentane By -weight 


Inlet 

static 

pressure, 

*» 

atm 

Inlet- 

mixture 

tempera- 

ture, 

T, 

°R 

Inlet - 
mixture 
velocity, 

ft/Bec 

Air 

flow, 

Ib/sec 

Inlet 
density, 
Ib/ou ft 

Inlet 

tempera- 

ture 

Before 

fuel, 

°R 

Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

n» 

percent 

0.67 

614 

175 

1.05 

0.0431 

692 

0.0963 

1.102 

73.3 

.67 

614 

174 

1.05 

.0431 

693 

.0807 

.925 

75.6 

.67 

618 

175 

1.04 

.0428 

695 

.0784 

.899 

74.8 

.67 

624 

176 

1.04 

.0424 

696 

.0694 

.795 

70.0 

.67 

633 

180 

1.05 

.0418 

699 

.0600 

.687 

58.2 

.67 

— 

— 

1.05 


— 

.0590 

.675 

(b) 

.67 

611 

174 

1.04 

.0433 

702 

.1054 

1.210 

70.6 

.67 

601 

170 

1.04 

.0440 

703 

.1152 

1.320 

64.0 

.67 

594 

168 

1.04 

.0446 

704 

.1244 

1.428 

55.7 

.67 

587 

166 

1.04 

.0451 

705 

.1334 

1.530 

44.6 

67 



1.04 



1 1 M 2 

7 -540 


.67 

628 

177 

1.04 

.0421 

713 

.0925 

1.060 

76.3 

.67 

620 

175 

1.04 

.0427 

715 

.1019 

1.168 

70.6 

.33 

631 

254 

.74 

.0210 

708 

.0973 

1.113 

44.7 

.33 

629 

254 

.74 

.0210 

708 

.0910 

1.042 

47.6 

.33 

630 

254 

.74 

.0210 

708 

.0846 

.970 

48.0 

.33 

632 

253 

.74 

.0209 

709 

.0788 

.903 

50.1 

.33 

638 

257 

.74 

.0208 

709 

.0718 

.824 

48.9 

.33 

— 

— 

.74 


— 

.0641 

.734 

(b) 

.33 

628 

251 

.74 

.0211 

711 

.1044 

1.199 

38.9 

.33 

— 

— 

.74 


711 

.1061 

1.217 

(a) 

.33 

644 

258 

.74 

.0205 

713 

.0818 

.938 

47.6 

.33 

637 

255 

.74 

.0208 

714 

.0886 

1.015 

46.0 

.33 

632 

253 

.74 

.0209 

714 

.0946 

1.083 

43.0 


a Rich Blow-out. 
^Lean Blow-out. 
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Inlet 

static 


Inlet- Inlet - 
mixture mixture 


pressure, tempera- velocity, 
P, ture, V, 

atm T, ft/sec 



Inlet Inlet Fuel- Equiva- 
density, tempera- air lence 
Ib/cu ft ture ratio, ratio 
before f/a 
fuel, 

°E 



0.0757 

.0716 

.0679 

.0633 

.0591 

.0548 

.0801 

.0875 

.0938 

.0988 

.0702 

.0745 

.0788 

.0972 

.0738 

.0692 

.0648 

.0602 

.0554 

.0769 

.0816 

.0861 

.0891 

.0667 

.0714 


1.011 

.956 

.906 

.845 

.789 

.732 

1.069 

1.168 

1.252 

1.319 

.937 

.995 

1.052 

1.298 

.985 

.924 

.865 

.804 

.740 

1.027 

1.089 

1.149 

1.189 

.890 

.953 



a Rich blow-out. 
^Lean blow-out. 
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TABLE II. - COMBUSTION EFFICIENCY DATA FOR 14 PURE FUELS AND 2 FUEL BLENDS IN 
5-INCH RAM-JET-TYPE COMBUSTOR - Continued 


(n) Carbon disulfide 


Inlet 

static 

pressure, 

atm. 

Inlet- 

mixture 

tempera- 

ture, 

T, 

°R 

Inlet - 
mixture 
■velocity, 

ft/s ec 

Air 

flow, 

IB/sec 

Inlet 
density, 
Ib/cu ft 

Inlet 

tempera- 

ture 

Before 

fuel, 

°R 

Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

percent 

0.33 

606 

286 

0.86 

0.0216 

710 

0 . 1692 

0.927 

81.4 

.33 

- 608 

277 

.86 

.0222 

711 

.1502 

.823 

78.0 

.33 

614 

284 

.86 

.0216 

714 

.1381 

.757 

78.8 

,33 

.50 

624 

245 

.86 

1.09 

.0318 

725 

.0812 

.1720 

.445 

.942 

00 

77.3 

.50 

622 

246 

1.10 

.0319 

725 

.1553 

.851 

78.1 

.50 

626 

250 

1.10 

.0317 

725 

.1378 

.755 

80.0 

.50 

632 

251 

1.10 

.0314 

723 

.1227 

.672 

76.1 

.50 

642 

255 

1.10 

.0309 

724 

.1073 

.588 

73.7 

.50 

.50 

606 

239 

1.10 

1.10 

.0328 

723 

.0727 

.1880 

1.030 

(B) 

75.4 

.53 

590 

222 

1.10 

.0355 

722 

.2038 

1.117 

73.1 

.51 

588 

224 

1.08 

.0346 

721 

.1982 

1.086 

— 

.50 

596 

238 

1.10 

.0333 

720 

.1777 

.974 

78.2 

.50 

604 

239 

1.10 

.0329 

720 

.1631 

.894 

80.0 

.50 

656 

260 

1.10 

.0303 

720 

.0927 

.508 

74.5 

.50 

662 

263 

1.10 

.0300 

719 

.0801 

.439 

69.3 

.33 

637 

284 

.82 

.0208 

715 

.1236 

.677 

76.7 

.33 

638 

282 

.82 

.0207 

714 

.1050 

.575 

73.5 

.33 

646 

287 

.82 

.0205 

714 

.0847 

.464 

66.5 

.33 

630 

281 

.82 

.0210 

718 

.1367 

.749 

78.7 

.33 

616 

272 

.82 

.0215 

719 

.1520 

.833 

74.7 

.33 

606 

269 

.82 

.0218 

719 

.1680 

.921 

77.3 

.35 

592 

245 

.81 

.0237 

720 

.1948 

1.067 

74.1 

.37 

583 

234 

.82 

.0250 

720 

.2086 

1.143 

70.8 

.33 

594 

260 

.81 

.0223 

720 

.1807 

.990 

77.5 

.33 

606 

264 

.82 

.0221 

721 

.1585 

.869 

77.4 

.33 

614 

269 

.81 

.0216 

722 

.1457 

.798 

75.5 

.67 

682 

284 

1.54 

.0388 

742 

.0877 

.481 

68.4 

.67 

670 

276 

1.54 

.0399 

742 

.1025 

.562 

72.6 

.67 

660 

276 

1.54 

.0401 

743 

.1174 

.643 

77.4 

.67 

648 

270 

1.54 

.0408 

743 

.1337 

.733 

78.1 

.67 

638 

266 

1.54 

.0415 

744 

.1501 

.822 

79.8 

.67 

632 

257 

1.54 

.0429 

744 

.1584 

.868 

80.1 

.67 

639 

264 

1.52 

.0414 

744 

.1432 

.785 

82.0 

.67 

650 

274 

1.56 

.0407 

744 

.1241 

.680 

80.3 


'\NACA^^ 

a RicH Blow-out. 


^Lean Blow-out. 



24 


NACA EM E53C20 


TABLE II. - COMBUSTION EFFICIENCY DATA. FOR 14 FURE FUELS AND 2 FUEL BLENDS IN 
5-INCH RAM-JET -TYEE COMBUSTOR - Continued 

(o) Isopentane 


Inlet 

static 

pressure, 

P, 

atm 

Inlet- 

mixture 

tempera- 

ture, 

T, 

°R 

Inlet- 

mixture 

velocity, 

V, 

ft/seo 


Inlet 
density, 
lb/cu ft 

Inlet 

tempera- 

ture 

before 

fuel, 

°R 

Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

1. 

percent 

0.67 

m 

195 

i.oa 

0.0394 

■ | 

0.0667 

1.018 

56.3 

.67 


194 

1.06 

.0394 


.0631 

.963 

58.3 

.67 


195 

1.07 

.0392 


.0587 

.896 

58.7 

.67 

677 

195 

1.06 

.0391 

728 

.0548 

.837 

57.1 

.67 


— 

1.06 


— 

.0506 

.772 

(b). 

.67 

672 

195 

1.08 

.0394 

733 

.0667 

1.018 

58.3 

.67 

670 

194 

1.07 

.0395 

734 

.0709 

1.082 

56.6 

.67 

666 

191 

1.06 

.0397 

735 

.0757 

1.156 

53.0 

.67 

664 

192 

1.07 

.0398 

736 

.0792 

1.209 

48.6 

.67 

— 

— 

1.07 


— 

.0807 

1.230 

(a) 

.67 

690 

199 

1.06 

.0384 

746 

.0608 

.928 

60.0 

.67 

686 

196 

1.06 

.0386 

746 

.0656 

1.002 

59.8 

.67 

.67 

680 

194 

1.06 

1.55 

.0389 

745 

.0698 

.0760 

1.066 

1.160 

58.2 

(a) 

.67 

— 

— 

1.55 


— 

.0496 

.757 

00 

.67 

684 

284 

1.54 

.0387 

742 

.0697 

1.064 

41.1 

.67 

682 

287 

1.56 

.0388 

742 

.0659 

1.006 

43.4 

.67 

682 

283 

1.54 

.0388 

741 

.0639 

.976 

44.9 

.67 

684 

287 

1.55 

.0387 

740 

.0604 

.922 

46.0 

.67 

686 

288 

1.55 

.0386 

739 

.0575 

.878 

46.3 

.67 

688 

286 

1.54 

.0384 

739 

.0552 

.843 

45.7 

.67 

690 

289 

1.55 

.0384 

739 

.0518 

.791 

45.6 

.67 

676 

283 

1.55 

.0392 

739 

.0719 

1.098 

41.1 


a Rich Blow-out. 
^Lean blow-out. 
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TABLE H. - COMBUSTION EFFICIENCY' DATA FOR 14 RJEE FUELS AND 2 FUEL BLENDS IN 
5-INCH RAM-JHT-TYFE COMBUSTOR - Concluded 

(p) Neohexane 


i 


CO 

O 


Inlet 
static 
pres sure , 
*, 
atm. 

Inlet- 

mixture 

tempera- 

ture, 

T, 

°R 

Inlet - 
mixture 
Telocity, 

T, 

ft/aeo 

Air 

flow, 

Xb/sec 

Inlet 
density, 
lb/cu ft 

Inlet 

tempera- 

ture 

Before 

fuel, 

°R 

Fuel- 

air 

ratio, 

f/a 

Equiva- 

lence 

ratio 

Combus- 

tion 

effi- 

ciency, 

lit 

percent 

0.67 

668 

190 

1.05 

0.0396 

720 

0.0683 

1.036 

57.1 

.67 

668 

192 

1.06 

.0396 

720 

.0634 

.962 

58.6 

.67 

670 

192 

1.06 

.0395 

719 

.0592 

.898 

58.6 

.67 

670 

192 

1.06 

.0395 

720 

.0550 

.835 

57,3 

.67 

— 

— 

1.06 


— 

.0519 

.788 

(b> 

.67 

664 

190 

1.06 

.0399 

718 

.0676 

1.026 

57.6 

.67 

660 

188 

1.06 

.0401 

718 

.0719 

1.091 

55.6 

.67 

656 

186 

1.05 

.0404 

718 

.0765 

1.161 

52.3 

.67 

652 

186 

1.06 

.0406 

718 

.0803 

1.219 

48.3 

.67 

— 

— 

1.06 


— 

.0824 

1.250 

(a) 

.67 

664 

190 

1.06 

.0399 

717 

.0611 

.927 

59.3 

.67 

662 

188 

1.05 

.0400 

717 

.0659 

1.000 

59.2 

.67 

658 

187 

1.05 

.0402 

717 

.0701 

1.064 

57.6 

.67 

674 

291 

1.60 

.0393 

726 

.0668 

1.014 

41.1 

.67 

672 

286 

1.58 

.0394 

726 

.0651 

.988 

42.2 

.67 

674 

287 

1.58 

.0394 

727 

.0621 

.942 

43.4 

.67 

676 

288 

1.58 

.0392 

727 

.0594 

.901 

43.8 

.67 

679 

290 

1.58 

.0390 

726 

.0564 

.856 

43.8 

.67 

680 

290 

1.58 

.0389 

728 

.0538 

.816 

44.0 

.67 

— 

— 

1.58 


— 

.0524 

.795 

(b) 

.67 

672 

288 

1.58 

.0394 

726 

.0675 

1.024 

42.4 

.67 

668 

283 

1.57 

.0396 

726 

.0712 

1.080 

41.0 

.67 

666 

286 

1.58 

.0397 

726 

.0729 

1.106 

39.8 

.67 

663 

284 

1.58 

.0399 

726 

.0757 

1.149 

37.4 

.67 

— 

— 

1.58 


— 

.0762 

1.158 

(a) 


a Rich "blow-out. 
^Lean "blow-out. 




TABLE HI. - SUMMARY OF CQMBTHnOHtEFETC IEHCY DATA FOR 14 PORE FUSTS 
ARD 2 FKL BLBHDS BT 5-IHC0 RAM-UET-TYFE CCMBUSTOR 


Fuel 

Inlet 

static 

pressure, 

atm 

Inlet - 
mixture 
tempera- 
ture, 

T, 

9r 

Inlet- 

mixture 

velocity, 

ft/eec 

Combus- 

tion 

effi- 

ciency, 

ib 

percent 

Inlet flow 
parameter, 
p°.3 T 

y 0.8 

Correlation 

parameter, 

h °' 3 tV % ^■ 1 

\ v °- 8 Aw 

Combustion 
efficiency 
calculated 
according to 
QQ,. (l) 

n-Pentane 

0.67 

652 

196 

67.0 

8.45 

8,87 

62.1 


.67 

658 

279 

50.0 

6.44 

6.76 

47.3 

n-Heptane 

.67 

670 

198 

66.5 

8.62 

8.54 

59.8 


.67 

678 

286 

52-0 

6.50 

6.44 

45.1 

Isooctane 

.67 

669 

204 

54.3 

8.45 

7.94 

55.6 


.67 

680 

278 

43.5 

6. 68 

6.20 

44.0 

Cyclohexane 

.67 

660 

190 

62.3 

8.77 

8.95 

62.6 


.67 

664 

282 

46.0 

6.44 

6.57 

46.0 

Pentene-2 

.67 

1 656 

191 

65.5 

8.69 

1 10.27 

71.9 


.67 

656 

284 

50.0 

6.33 

7.47 

52.3 

Benzene 

.69 

660 

180 

70.0 

9.20 

10.40 

72.8 


.69 

663 

277 

52.5 

6-59 

7.45 

52.2 

Propionaldehyde 

.67 

618 

183 

72.5 

8.45 

10.17 

71.2 

.67 

624 

256 

61.0 

6.55 

7.79 

54.5 

Dlethylether 

.67 

646 

194 

65.0 

8.43 

10.20 

71.4 


.67 

656 

258 

54.5 

6.64 

8.04 

56.3 

Propylene 

.68 

603 

168 

81.5 

8.90 

14.79 

103.5 

oxide 

.73 

620 

250 

75.0 

6.80 

11.30 

79.1 


.33 

600 

260 

53.6 

5.03 

8.35 

58.5 
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TABLE HI. - SCMMAET OF COffitETION-EFFlCIKNCY DATA FOR 14 PURE ¥0313 
AND 2 FUEL BLENDS IN 5-INCH EAM-J3ET-TIEE COMBUSTOR - Concluded 


Fuel 

Inlet 

static 

pressure, 

P» 

atm 

Inlet- 

mixture 

tempera- 

ture, 

T, 

°R 

Inlet- 

mixture 

Telocity, 

V 

ft/sec 

Combus- 

tion 

effi- 

ciency, 

t\> 

percent 

Inlet flow 
parameter, 

p0»3 rp 

v0.8 

Correlation parameter, 
/p0.3 rjV % Y' 1 

W°* 8 A W 

Combustion 
efficiency 
calculated 
according to 
eq. (1) 

Acetone 

0.67 

603 

181 

56.0 

8.32 

8.57 

60.0 


.67 

617 

269 

41.0 

6.23 

6.42 

44.9 

Methylcyclohexane 

.67 

658 

194 

60.0 

8.58 

8.5B 

60.1 


.67 

674 

298 

50.0 

6.26 

6.26 

45.9 

Carbon disulfide 

.67 

632 

257 

81.0 

6.62 

9.53 

66.7 


.50 

596 

238 

79.0 

6.07 

8.73 

61.1 


.33 

594 

260 

78.5 

4.99 

7.19 

50.3 

Neohexane 

.67 

662 

188 

59.2 

8.86 

7.89 

55.2 


.67 

672 

286 

42.7 

6.45 

5.74 

40.2 

Isopentane 

.67 

672 

195 

59.3 

8.75 

8.66 

60.6 


.67 

682 

287 

44.3 

6.53 

6.46 

45.2 

2/3 Propylene oxide 

.67 

628 

177 

76.0 

8.80 

12.20 

05.4 

- l/S isopentane 

.33 

637 

255 

48.0 

5.44 

7.55 

52.8 

by weight 








l/3 Propylene oxide 

.67 

655 

195 

66.0 

8.53 

9.97 

69.8 

- 2/3 isopentane 

.67 

670 

283 

54.6 

6.48 

7.58 

53.1 

by weight 
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Figure 1. - Schematic illustration of 5-inch ram- Jet-type combustor setup, flame holder and air-control unit. 
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r- 

i — i 



.6 .7 .8 .9 1.0 1.1 1.2 1.3 

Equivalence ratio 

Figure 2. - Combustion efficiency of V- gut ter flame holder in 5- inch ram- Jet-type combustor Kith 
n-pentane. Combustor inlet pressure, 0.67 atmosphere; combustor inlet temperature, 643° to 
672° R. 



Figure 3. - Combustion efficiency of V-gutter flame holder in 5- inch ram- Jet-type combustor Kith 
n-heptane. Combustor inlet pressure, 0.67 atmosphere; combustor inlet temperature, 655° to 
694° R. 
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.7 .8 .9 1.0 1.1 1.2 1.3 

Equivalence ratio 

Figure 4. - Combustion efficiency of V- gutter flame holder in 5-inch ram- Jet-type 
combustor vith Isooctane. Combustor inlet pressure, 0.67 atmosphere; combustor 
inlet- temperature, 657° to 690° R. 



2q > i_ i i i i i i i i i j. i i i 

.7 .8 .9 1.0 1.1 1.2 1.3 1.4 


Equivalence ratio 

Figure 5. - Combustion efficiency of V-gutter fl ame holder in 5- inch ram- Jet-type 
combustor vith cyclohexane. Combustor inlet pressure, 0.67 atmosphere; combustor 
inlet temperature , 646° to 674° R. 
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Figure 6. - Combustion efficiency of V-gutter flame bolder in 5- inch ram- Jet-type combustor vith 


pentene-2 . 
678° R, 


Combustor inlet pressure, 0.67 atmosphere; combustor inlet temperature, 64 , 4 , to 



.7 .8 .9 1.0 1.1 1.2 1.3 1.4 1.5 

Equivalence ratio 

Figure 7. - Combustion efficiency of V-gutter flame holder in 5- inch ram- Jet- type combustor vith 
benzene. Combustor inlet pressure, 0.67 atmosphere; combustor inlet temperature, 639° to 680° R. 
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.6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4 1.5 

Equivalence ratio 

Figure 8. - Combustion efficiency of V-gutter flame holder in 5- inch ram- Jet- type combustor with proplonaldehyde. 
Combustor inlet pressure, 0.67 atmosphere; combustor inlet temperature, 5900 to 643° R. 



.6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4 

Equivalence ratio 

Figure 9. - Combustion efficiency of V-gutter flame holder in 5-inch ram- Jet-type combustor with diethyl ether . 
Combustor inlet pressure, 0.67 atmosphere; combustor inlet teaq^erature, 622° to 668° R. 
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Figure 10. - Combustion efficiency of V-gutter flame holder In 5- Inch ram- jet-type combustor with 
propylene oxide. Combustor Inlet temperature, 550° to 643° R. 
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Inlet-mixture 
velocity, 
ft/ sec 

173-186 
264-272 


Equivalence ratio 

Figure 11. - Combustion efficiency of V-gutter flame holder in 
5-inch ram- Jet- type combustor with acetone. Combustor inlet 
pressure, 0.67 atmosphere; combustor inlet temperature, 579° 
to 624° R. 


Inlet-mixture 

velocity. 


191-199 

283-289 


Equivalence ratio 

Figure 12. - Combustion efficiency of V-gutter flame holder in 
5- inch ram- Jet- type combustor with methylcyclohexane . Com- 
bustor inlet pressure, 0.67 atmosphere; combustor inlet 
temperature, 646° to 676° R. 
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Equivalence ratio 


(c) Combustor inlet pressure, 2/3 atmosphere ; combustor inlet temperature, 632° 
to 682° R; inlet-mixture velocity, 257-284 feet per Becond. 

Figure 13. - Combustion efficiency of V-gutter flame holder in 5-inch ram- Jet- 
type combustor with carbon disulfide. 





Combustion efficiency, percent Combustion efficiency, percent 


36 


KACA EM E53C20 



Inlet - mixture 
velocity. 


186-192 

283-291 


Equivalence ratio 

Figure 14. - Combustion efficiency of V-gutter flame holder in 5- inch 
ram.- jet-type combustor with neohexane. Combustor inl et pressure, 0.67 
atmosphere; combustor inlet temperature , 652° to 680° R. 



Inlet-mixture 

velocity. 


> 190-196 

1 278-286 


Equivalence ratio 

Figure 15. - Combustion efficiency of V-gutter flame holder in 5- inch 
ram- Jet-type combustor with isopentane. Combustor inlet pressure, 0.67 
atmosphere; combustor inlet temperature, 665° to 690° R. 
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.6 .7 .a .9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 


Equivalence ratio 

Figure 16. - Combustion efficiency of 7-gutter flame holder In 5-inch ram- Jet-type combustor with blend of 2/3 propylene 
oxide and l/3 isopentane by weight. Combustor inlet temperature, 587° to 644° E. 
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.7 .8 .9 1.0 1.1 1.2 1.3 1.4 

Equivalence ratio 

Figure 17. - Combustion efficiency of V- gutter flame holder in 5-inch ram- Jet- type 
combustor with blend of l/3 propylene oxide and 2/3 isopentane by weight. Combus- 
tor inlet pressure, 0.67 atmosphere; combustor inlet temperature, 638° to 676° R. 
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Figure 18. - Effect of fundamental flame speed on combustion efficiency at 
equivalence ratio of 1.0 and'at inlet parameter value p0.3r/v0.8 of 
about 6.5. 
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Figure 20. - Correlation of combustion efficiency for V-gutter flame holder in 
5-inch ram- Jet-type combustor for 14 pure fuels, a gasoline, and 2 fuel 
blends. (Blend A contains 2/3 propylene oxide plus l/3 isopentane by weight 
blend B, l/3 propylene oxide plus 2/3 isopentane by weight.) 
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